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??????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
?? Jaccard?????????????????????????????????????
??????????????????????????Tokyo??TOKYO???????????
???????????????????????????????????????????
?????????????????Mikolov????????Word2Vec[2][3][4]?????
???????????????????????????????????????fastText
???Word2vec?????????????????Word2Vec??????? CBoW??
Skip-gram ?????????????????fastText ?????????CBoW ????
????Middle word???????
??????????????????????????????????fastText ???
?????????????????????TF-IDF??????????????????
??????????????????????????????????????????
??????????????????????????

? 2? ????
2.1 ????
?????????????????????????????????????????
??????????????????????????????????????????
????????????????????????? [7]????????????????
??????????????????????????????????????????
??????????????????????????????????????????
?????????????????? fastText?????
2.2 fastText
?????????? state-of-the-art ???????Word2Vec ????? Mikolov ???
??Bag of Tricks for Efficient Text Classification?[5]??Enriching Word Vectors with Subword
Information?[6]??????????? fastText????? 2.1?????????????
???????????? fastText??????????????????????????
???????????????????????????????????????
? 2.1 ???????????????????*1
*1 Armand Joulin; Edouard Grave; Piotr Bojanowski; Tomas Mikolov, “Bag of Tricks for Efficient Text Classification”,
Facebook AI Research?pages 429?2016.
? 2?????
2.2.1 ?????
fastText???????? 3????????????????? softmax? n-gram???
?????????? 2.2????
? 2.2 fastTest??????
?????????????????????????????????????????
?????????????????????????????????????????
???????????????????????????Output????????????
??????????????????????????????????????????
Word2Vec? CBoW??????????????????? softmax??????????
?????????
2.2.2 ??? softmax
??? softmax??????????????????????????????????
??????? A?B?C?D???????????? 7?15?3?24???????????
?????????????? 2.4?????????????
?????????????????????????????????????? 2.4??
??????????
???????????????????????????????????????fastText
??????????????????????????????????????????
?????????????????????????????? 2.4????????? 0?
?????? 1?????A?B?C?D?????????? 111?10?110????????
??????? D?????????????????????
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2.2fastText
? 2.3 ????????????
? 2.4 ???????????
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? 2?????
2.2.3 n-gram
????n-gram??????? N??????????????????????????
????????????????????????????????????????????
???????????????????2-gram??????????????????????
???????????? BoW????????????????????????????
????????????????A love B???B love A????????????2-gram?
??????A love??love B???B love??love A????????????????????
??n-gram???????????????????????????????????
2.3 TF-IDF???????
TF-IDF??????????????????????????????????????
TF?Term Frequency?????????????? 2.1???????????????? nt; d
??????????Pk nk; d ???????????IDF?Inverse Document Frequency??
????????????? 2.2?????????????? df t ????? N ?????
??????????????????????????????????????????
???? TF???????????????????????????IDF?????
tf t; d =
nt; dP
k nk; d
(2.1)
idf t = log

N
df t

(2.2)
tdf t; d = tf t; d  idf t (2.3)
????TF-IDF ???????????????? TF-IDF ?????????
?? TF-IDF ??????????????????????????? T =
fT1; T2; T3; : : : ; Tng ???????? Tn = fw1; w2; w3; : : : ; wng ????tdf Tn =
tdf w1; Tn ; tdf w2; Tn ; tdf w3; Tn ; : : : ; tdf wn; Tn
	 ????? TF-IDF ????????
wn??? Tn; : : : ; Tm??????????wn???? tdf wn =
(tdf wn; Tn++tdf wn; Tm)
Nwn
????Nwn ??? wn ?????????????
??? TF-IDF ??????????????????????????????????
??????????????????????????????????????????
?????????TF ????????????????IDF ?????????????
???????????TF-IDF ?????????????????????IDF ????
???????????????????????? wn ????????????????
df t = nc1 +nc2 +   +ncn ????ncn ?????????? cn ?????????????
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2.3TF-IDF???????
????????????nc1  ncn?n 6= 1???????? wn ????? c1 ??????
?????????????????????? TF-IDF????????????????
???????????????????? (c1; c2; c3; c4; c5)??????? 20?????
100???????????????????????? w1; w2; w3 ???????????
???????????????
? 2.1 ???????????????
C1 C2 C3 C4 C5
W1 3 0 1 14 2
W2 4 4 4 4 4
W3 20 0 0 0 0
??? IDF?? 2.3??????idf w1 = idf w2 = idf w3 = 0:693????????? IDF?
?????????????????? w1 ????? c4 ????????????????
???????????? c4 ??????????????????????????w2 ?
??????????????????????????????????????????
w3 ????? c1 ????????????????? c1 ????????????????
????????? IDF???????????????????????????????
????????????????????
?????????????????????????????????? IDF?????
???????
????????????wn???????????????? df t = nc1+nc2+  +ncn
????ncn ?????????? cn ?????????????????????????
wn ????????????????????????Pwn ??? wn ?????????
????????Pwn 0 ????????????????? PwnPwn 0 ?????????????
?????????????
idf wn = log

Pwn
Pwn
0

(2.4)
????????IDF????????????????????
idf wn = log

Pwn
Pwn
0 + 1

(2.5)
????Pwn 0 ? 0????????????Pwn 0 ???? 1??????????
??????????????????????????????????????????
?????????????????????????IDF????????????????
????????????????????? w1 ?????idf w1(c1) = 0:221?idf w1(c2) = 0?
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? 2?????
idf w1(c3) = 0:079?idf w1(c4) = 0:953?idf w1(c5) = 0:153 ?????????????? w1
????? c4 ????????????????????????????????? w2
?????idf w2(cn) = 0:288 ????????????????????????????
????????????????????????? w3 ?????idfw3 (c1 ) = 1:908?
idf w3(cn) = 0 (n 6= 1)?????? w3 ????? c1 ??????????????????
????????????????
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? 3? ????
?????????????????????????????????????????
????????????????????????????MeCab? TF-IDF??????
? TF-IDF??????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
?????????????????
 ????:fastText???????????????
 ???? 1:TF-IDF???????????? fastText???????????????
 ???? 2:???? TF-IDF ???????????? fastText ??????????
?????
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?????????????????????????????????????????
???????????????????????????????????
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?????????????? 10?1?????????????? fastText???????
?????????????????????
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??????????????????????????????????????
?????????????????????????????????????
????????????????
?
???????
?
???????????????
?
????????????????????????
?
? 4?????
???????????? .?????????????????????????
?????????????????????????????????????
????????????????????????????
?
????????????? fastText???????????????
4.2 ????
????????? Python??????????????????MeCab[8]????
4.3 ????
???????????????fastText???????????????????????
??????????????????????????????????????????
TF-IDF????? TF-IDF?????????????????? TF-IDF????????
??? TF-IDF??????????? 50???????????????????????
???MeCab??????????????????????????????
 ??
 ?????????????????????
 ??????????????????
??????????????????
?
???????????????????????????????????????
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?
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4.4 ?????
fastText ?????????????????????????????????????
??  dim = 100? epoch = 25????????????????????????? 90%
?????
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4.5??
4.5 ??
??? TF-IDF??????????????????????????????? 1?2?
??????????????????????????????????????????
???????????????????? 1%????????????????
4.6 ????
?????????????????????????????????????????
?????????????
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? 5? ???????
5.1 ????
??????????????5??????5????????????????????
???????????????????????????????? 300 ????????
??????????????? 5?????(?????????????????????
???????????????????????????????????????????
? 5.1????
? 5.1 ?????????????????5????
???? ???? ???? 1 ???? 2
?? 90:0% 95:2% 94:5%
?? 91:7% 94:8% 96:0%
???? 97:2% 87:8% 86:3%
?? 91:8% 95:2% 94:5%
???? 95:5% 97:0% 97:3%
?? 93:2% 94:0% 93:7%
? 5.1???????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
????????
5.2 ??
5.2.1 ????????
??????????????????????????? 5.2?? 5.3?? 5.4????
? 5.3? 5.4????????????????????????????10%?????
*2 True labels data
? 5????????
? 5.2 ????????????
???? ?? TD*2 ?? TD ???? TD ?? TD ???? TD
?? 90:0% 4:0% 0:2% 3:0% 1:3%
?? 0:5% 91:7% 0:4% 0:2% 1:5%
???? 2:0% 1:5% 97:2% 2:0% 0:4%
?? 3:0% 2:5% 2:0% 91:8% 1:3%
???? 4:5% 0:3% 2:0% 3:0% 95:5%
?? 100:0% 100:0% 100:0% 100:0% 100:0%
? 5.3 ???? 1????????
???? ?? TD ?? TD ???? TD ?? TD ???? TD
?? 95:2% 2:0% 1:3% 3:4% 0:8%
?? 0:2% 94:8% 0:2% 0:2% 0:5%
???? 3:0% 0:2% 87:8% 1:0% 0:2%
?? 4:0% 2:8% 0:2% 95:2% 1:5%
???? 0:3% 0:2% 10:5% 0:2% 97:0%
?? 100:0% 100:0% 100:0% 100:0% 100:0%
? 5.4 ???? 2????????
???? ?? TD ?? TD ???? TD ?? TD ???? TD
?? 94:5% 2:2% 1:4% 4:3% 1:2%
?? 0:1% 96:0% 0:2% 0:1% 5:5%
???? 0:7% 1:0% 86:3% 1:0% 0:2%
?? 4:6% 0:5% 0:3% 94:5% 0:8%
???? 0:1% 0:3% 11:8% 0:1% 97:3%
?? 100:0% 100:0% 100:0% 100:0% 100:0%
??????????????????????????????????????????
????????????????????? 5.5? 5.6????
? 5.5? 5.6????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
???????????????????????????Word2Vec?fastText??????
???????????????????????????????????????????
??????????????????????????????????????? A??
??????????????????????????????????????????
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5.2??
? 5.5 ???? 1??????????????
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1
???????????????????????????
??????????????????????????
????????????????????????????????
2
???????????????????????????
??????????????????????????
????????????????????????????????
3
????????????????????????????
?????????????????????????
?????????????????????????
? 5.6 ???? 2??????????????
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1
?????????????????????????
???????????????????????????
?????????????????????????????
2
??????????????????????????
????????????????????????????
????????????????????????????????
3
????????????????????????
?????????????????????????????
????????????????????????
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5.2.2 ???? TF-IDF????????
? 5.1??????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????? 1????? 2????
??????????????????????????????????????????
??????????????????????????????????????????
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23
? 5????????
???????????????????????????????
???? TF-IDF??????????????????????????????? 50?
????????? 20????????????????????????????????
??????????????????????????????????????????
5.7????
? 5.7 ???? 2?????????????????5????
???? ???? 1 ???? 2
?? 63:0% 73:0%
?? 76:3% 82:3%
???? 25:3% 25:3%
?? 72:3% 72:7%
???? 93:3% 97:3%
?? 66:0% 70:1%
? 5.7??????? TF-IDF??????????????????????????
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? 6? ??
6.1 ???
??????fastText????????????????????????TF-IDF????
??????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
????
6.2 ?????
??????????????????????????????????????????
??????????????????????????????????????????
????????????????????????????

??
?????????????????????????????????????????
????????????????????????????

????
[1] ?? ?, “???????????????????????????????????
??”, ???????????????, https://kaken.nii.ac.jp/ja/grant/
KAKENHI-PROJECT-15500065/, 20170115??.
[2] Tomas Mikolov; Wen-tau Yih;Geoffrey Zweig, “Linguistic Regularities in Continuous Space
Word Representations”, Microsoft Research?2013.
[3] Tomas Mikolov;Kai Chen,;Greg Corrado; Jeffrey Dean, “Efficient estimation of word repre-
sentations in vector space”, Google Inc.?2013.
[4] Tomas Mikolov;Ilya Sutskever;Kai Chen;Greg S Corrado;Jeff Dean, “Distributed representa-
tions of words and phrases and their compositionality”, Google Inc.?2013.
[5] Armand Joulin; Edouard Grave; Piotr Bojanowski; TomasMikolov, “Bag of Tricks for Efficient
Text Classification”, Facebook AI Research?2016.
[6] Piotr Bojanowski; Edouard Grave; Armand Joulin; Tomas Mikolov, “Enriching Word Vectors
with Subword Information”, Facebook AI Research?2016.
[7] ????;????, “?????????????????????????”,? 32??
????? (The Japanese Society for Artificial Intelligence)?2018.
[8] MeCab, http://taku910.github.io/mecab/
